The UK experienced a number of Extreme Weather Events (EWEs) during recent years and a significant number of businesses were affected as a result. With the intensity and frequency of weather extremes predicted in the future, enhancing the resilience of businesses; especially of Small and Medium-sized Enterprises (SMEs), who are considered as highly vulnerable, has become a necessity. However, little research has been undertaken on how construction SMEs respond to the risk of EWEs. In seeking to help address this dearth of research, this investigation sought to identify how construction SMEs were being affected by EWEs and the coping strategies being used.
Introduction
The UK has been affected by a number of Extreme Weather (McWilliams, 2009) . This is in line with the dominance of Small and Medium-sized Enterprises (SMEs) within the construction sector; representing more than 99% of businesses in the sector (BERR, 2008) , which are said to be highly vulnerable to disruptions caused by such events.
Whilst this finding alone is of concern to those managing the built environment, when one considers the important role that construction industry SMEs need to play in the wider recovery of a community following an EWE, the vulnerability and resilience of construction industry SMEs becomes of strategic importance to society as a whole. Thus, in the wider consideration of community resilience to extreme weather events, understanding the factors that affect the vulnerability, resilience, and adaptive capacity of construction SMEs is a significant factor in understanding the vulnerability, resilience and adaptive capacity of the community as a whole. To date few studies have been conducted to investigate how the construction SMEs perceive, are affected by, and respond to the risk of EWEs.
This research was developed to investigate the effects of EWEs on construction SMEs, their existing coping strategies, and their perceptions of the risks posed by EWEs. The paper first presents a brief review of literature followed by the research method adopted. It then presents the findings of the research and discusses the implications of the findings on the vulnerability, resilience and adaptive capacity of construction industry SMEs. The paper concludes by making several recommendations for practice following from the findings of the survey and case study research.
EWEs and construction sector SMEs
EWEs can have both direct and indirect effects on the construction sector and those associated with it. Direct effects include disruption to site works as a consequence of the extreme weather event itself (e.g. the site might be flooded);
indirect effects include disruption to site works as a consequence of the secondary effects of an extreme weather event (e.g. due to disruptions to deliveries and utility supplies through the supply chain) (Metcalf et al., 2009 ). This distinction is shown in Figure 1 . However, whilst construction industry SMEs have been aware for many years of the direct affects that adverse weather could have on their operations, and indeed have developed project programming strategies to deal with such eventualities, there is less evidence to suggest that they are prepared for extreme weather events as a consequence of climate change or have considered in detail the indirect impacts to their operations of disruptions to their supply chain (Berkhout et al., 2004) . This, when combined with the fact that construction sector SMEs were found to be the least prepared in terms of business continuity planning (only about 20% of construction sector SMEs had a plan to deal with business interruption compared to the other industry sectors surveyed in; manufacturing, retail, business/financial services, transport, and land based SMEs) (Norrington and Underwood, 2008) leaves them vulnerable to the consequences of an extreme weather event. In essence, construction industry SMEs do not appear to recognise the seriousness of current extreme weather events or to have appropriate risk assessment frameworks in place to assess their vulnerability, resilience and adaptive capacity to more extreme events that may occur as a consequence of climate change. It should be noted that such criticisms are not restricted to construction industry SMEs but have been observed across the range of organisations exposed to a range of extreme weather events and other natural hazards (Tierney and Dahlhamer, 1996; Alesch et al., 2001; Yoshida and Deyle, 2005; Crichton, 2006; Dlugolecki, 2008) . Vulnerability, resilience and adaptive capacity are concepts that are increasingly used to interpret the impacts that climate change and EWE's are having on the built environment. Whilst there is considerable debate over the definitions (Gallopín, 2006; Cutter et al., 2008) , for the purpose of this paper and in the context of business contingency/disaster recovery planning: vulnerability is the risk to a system by external forces or hazards (EWEs) that are beyond the normal range of variability under which the system operates; resilience is the ability of the system to cope with such forces or hazards and return to its normal operating status once they have been removed; and adaptive capacity is the ability of the system to change to meet new conditions brought about by forces that fundamentally change the system (Adapted from Jones and Few, 2009 ()()). In an examination of business attitudes to extreme events, Berkhout et al (2004)  organisations found it difficult to assess the advantages and disadvantages of alternate adaptation strategies; and  organisations found it difficult to directly measure feedback on the impact that the adaptation has had on organisational value.
Similar findings to the above have been identified by other authors who found that: a lack of forward planning; lack of capital for recovery; ineffectual interactions with national agencies; infra-structure problems (Runyan, 2006) ; individual attitudes and organizational culture (Petts et al., 1998) ; access to expertise; perceived exposure to risk (Yoshida and Deyle, 2005) ; lack of integration of the construction sector in disaster risk management in the UK (Bosher et al., 2007) ; and the relatively low importance assigned to climate change and EWE's by the construction sector (Harty et al., 2007) , all contributing to a general inertia amongst organisations to consider resilience to EWEs. Thus, this raises questions as to whether current approaches to business contingency/disaster recovery planning can really deliver increased resilience and enhanced adaptive capacity in response to vulnerabilities induced by climate change. Given the predicted increase in the intensity and frequency of EWEs (Stern, 2007) , the construction sector needs a new way of viewing the risks and developing business contingency plans, both from a business survival perspective and as a major stakeholder to wider community recovery following an EWE. Indeed, the construction sector needs to recognise that it has a significant role to play in delivering a resilient built environment. This requires a greater degree of organisational resilience, awareness, and proactive response of construction SMEs against EWEs.
Research method

Research questions
The research was developed to investigate three research
questions:
 what are the effects of EWEs on construction SMEs?
 what are their existing coping strategies?
 how do they respond to the risk of EWEs?
In order to investigate these questions a mixed method research design was adopted ( The total SME sample is discussed separately; e.g. see Wedawatta et al (2010) , only construction SMEs are considered here as the focus is on construction SMEs.
Case study
Following the questionnaire survey two in-depth case studies were developed to explore the context within which construction SME's interpret and respond to EWEs. The first case study was a principal building contractor (SME1) This biggest effect of an EWE on construction sector SME's was non attendance of employees (53%) followed by a loss of sales / production; a reduction in employee productivity;
disruptions to access to premise (33%); and a decrease in turnover/profits (27%) (see Figure 3) . 
Coping strategies
The majority of construction sector SMEs (75%), whether or not they had experienced a previous EWE (of any magnitude), did not adopt any coping mechanisms to protect their business against the impacts of EWEs. This is consistent with the finding of Berkhout et al (2004) who found that SME's found it difficult to assess the advantages and disadvantages of alternative adaptation strategies unless they had experienced severe disruption. Where construction sector SMEs have implemented coping mechanisms these have tended to be at the more strategic (business) level: online data backup (12%);
having property and business disruption insurance (12%); and developing business continuity plans (6%).
The construction sector SMEs surveyed did not seem to consider EWEs as a potential risk to their business activities.
This could be due to the nature of the construction process, where disruptions to site practice as a consequence of inclement weather is dealt with at the project level rather than at the organisational level. If this is the case then this is again consistent with the findings of Desai and Jones (2010) who identified impact (or severity) of an event as a factor in attitudes towards risk.
Case study findings
Impact of extreme weather
During recent years SME1 has experienced heavy snowfall and extreme low temperatures at their sites. SME2 has experienced heavy snowfall and flooding, as well as, both high and low extreme temperatures. The two selected projects; P1 and P2, were both affected by heavy snowfall between December 2009 and January 2010 (See Table 1 
Coping strategies -SME1
SME1 has identified that several decisions implemented, having commercial advantages in mind, have lead to reduced impact to their business from the recent EWEs. Therefore, SME1 has identified these as possible coping strategies that would reduce the impact on their business of similar events in the future. Most of SME1's site labour requirements were outsourced and paid on a measure and pay basis. In essence, SME 1 has transferred a large proportion of the financial risk to labour only subcontractors. Further, terms for employing their own site workers have been amended to enable the company to temporarily lay off workers for a short period of time at short notice. Although this has been allowed due to variations in workload, it has enabled the company to save a considerable amount of money during the disruptions caused by extreme weather conditions in P1. This approach is similar to that identified by Berkhout et al (2004) who noted similar instances where commercial decisions have lead to improved organisational resilience.
In addition to the transfer of financial risk, the senior management of SME1 was also keen to learn operational lessons from other countries that regularly experience weather similar to that which affected P1. To this end senior management had began to examine how Canada carries out construction activities. In addition to examining approaches to pricing, scheduling and methods of construction, they are also examining how Canadian construction SMEs were able to continue working through similar weather conditions.
Although this work is ongoing SME1 believes that they can improve their resilience to similar EWE's in the future by changing their working practices. Finally, SME1 is also examining how their competitors dealt with the heavy snow as they are aware that similar companies will be more successful at coping with the EWE and mitigating the risk. Again, both these approaches are similar to those identified by Berkhout et al (2004) .
Coping strategies -SME 2
In P2, SME2 also suffered significant financial loss as a consequence of restricted site operations for about 1 week, due to heavy snowfall. Being a specialist subcontractor, SME2 supplied all the plant, machinery, material and labour in P2. As such, SME2, unlike SME 1, was not in the position to transfer the financial loss to their downward supply chain partners. As such, they had to bear the full impact of the disruption.
Following the disruption, SME2 was keen to improve their resilience to future EWEs, and in particular develop coping strategies that can improve their preparedness. To this end, SME 2 is examining the contractual terms and conditions under which it takes on work. According to clause 60.1(13) of New Engineering Contracts 3 (NEC3), a weather event can lead to compensation if it is "shown to occur on average less frequently than once in ten years" (NEC, 2005) . It further states that "only the difference between the weather measurement and the weather which the weather data shows to occur, on average, less frequently than once in ten years is taken into account in assessing a compensation event". It suggests that weather data that goes 10 years back has to be considered when determining inclement weather. Although the NEC3 condition related to weather extremes is much clearer than some of the other standard conditions of contract, SME2 still found it difficult to establish how to allow for winter snowfall in future contracts, having experienced back to back heavy snowfalls. Their main concern is how to establish a baseline for heavy snowfall in future projects, so as to minimise negative impacts of heavy snowfall on its projects, minimise contractual disputes whilst preserving their ability to come up with competitive bids for projects.
Discussion
The results showed that a significant number of SME's 'adverse' weather more so than 'extreme' weather.
Construction SMEs may tend to consider weather extremes as norms within the industry, considering the nature of its operations, and will utilise accepted standard practices to ensure business continuity, rather than employing radical coping strategies against EWEs. 
Conclusion
The UK has been affected by a number of extreme weather The study adopted a mixed research design method and conducted a literature review, an exploratory survey and 2 case studies in the area. Whilst in the main, the findings confirmed the existing theories that SME actions tend to be reactive (due to recent experience of EWEs) rather than being proactive (making radical changes now based on future EWE predictions and climate change), this research contributed to both theory and practice by taking the current knowledge to a new level. In terms of practice, the research identified construction SME specific actions, such as, methods of risk transfer, outsourcing of work, contractual issues that would enable the companies to improve both their pre contract bidding strategies as well as post contract cost and time management of their projects. These will ensure that their vulnerability is reduced and that they can sustain their businesses for a longer time. In terms of policy making, the study identified the importance of measures to generate more robust predictions of EWEs due to climate change so that it will enable the SME construction firms to make strategic decisions on risk transfer processes. The study also identified the complex nature of extreme weather event risk management. Impacts of EWE on businesses are not only direct. The indirect supply chain disruptions caused as a result of EWEs also contribute significantly towards the risk exposure of SMEs. These lessons will benefit the emergence of a risk framework model that helps the businesses to understand the impact of EWEs with confidence in relation to a specific frame of reference within their companies, so that the SMEs can make informed judgements on how to reduce their vulnerability and improve their adaptive capacity against EWEs. The ongoing participatory studies with the SMEs are orientated towards these goals.
